1. Introduction
===============

Cardiovascular diseases (CVDs) include numerous conditions associated with a high and growing worldwide global burden, representing the most common cause of death.^\[[@R1]\]^ Atherosclerosis is the most common cause of CVD, and several factors, both nonmodifiable (such as genetic factors) and modifiable (including traditional and nontraditional cardiovascular risk factors), are involved in its development. Moreover, atherosclerosis is considered an immune system--mediated process^\[[@R2]\]^: the accumulation and interplay in the subendothelial region of the arterial wall of several blood-borne inflammatory and immune cells (including autoreactive lymphocytes), as well as resident cells, such as endothelial, smooth muscle and dendritic cells, and other components of the immune system, such as cytokines, chemokines, and antibodies, results in the formation of atherosclerotic plaques, leading to a narrowing of the arterial lumen and, following plaque rupture, to thrombosis.

Considering the underlying mechanisms of this process, it is not surprising that immune-mediated and inflammatory diseases (IMIDs), such as rheumatoid arthritis, systemic lupus erythematosus, psoriasis, psoriatic arthritis, and inflammatory bowel disease, are associated with higher rates of cardiovascular morbidity and mortality, primarily due to accelerated atherosclerosis.^\[[@R3]\]^ Although IMIDs can be associated with a higher prevalence of well-known cardiovascular risk factors, such as metabolic syndrome, smoking, type 2 diabetes, and obesity, these factors do not fully account for the greater prevalence and incidence of CVDs observed in patients with IMIDs when compared to that of the general population.^\[[@R4]\]^ Therefore, IMID-associated factors, such as chronic systemic inflammation,^\[[@R5]\]^ a predisposing genetic background, or the treatment used in these conditions, must contribute to the higher cardiovascular risk.

The objective of this study was to analyze the contribution of different demographic and disease-related variables and traditional cardiovascular risk factors in the prevalence of CVD in subjects affected with rheumatoid arthritis, psoriatic arthritis, psoriasis, systemic lupus erythematosus, or inflammatory bowel disease. Furthermore, we compared the prevalence of CVD among these conditions while adjusting for demographic and traditional cardiovascular risk factors.

2. Patients and methods
=======================

2.1. Setting and subjects
-------------------------

The data on patients included in this study were collected between June 2007 and December 2010 as part of the immune-mediated inflammatory disease consortium (IMIDC), a network of Spanish researchers working on the genomic basis of IMIDs^\[[@R6]\]^ that includes patients diagnosed with rheumatoid arthritis, psoriatic arthritis, psoriasis, systemic lupus erythematosus, Crohn disease, and ulcerative colitis. Because the aim of IMIDC is to uncover the common genomic background of IMIDs, we included diseases with a known or suspected genetic overlap.^\[[@R7]\]^ In addition, we selected conditions with a mayor associated burden, in terms of prevalence, disability, and mortality.^\[[@R8]--[@R10]\]^ Subjects were enrolled after giving informed consent, from rheumatology, gastroenterology, and dermatology outpatient clinics belonging to tertiary centers and located in several cities throughout Spain (Fig. S1).

All of the patients with rheumatoid arthritis fulfilled the 1987 American College of Rheumatolgy (ACR) diagnosis criteria,^\[[@R11]\]^ all psoriatic arthritis patients fulfilled the CASPAR criteria,^\[[@R12]\]^ all psoriasis patients fulfilled clinical criteria of plaque psoriasis, all systemic lupus erythematosus patients fulfilled the 1997 ACR criteria,^\[[@R13]\]^ and all ulcerative colitis and Crohn disease patients fulfilled the standard Lennard-Jones diagnostic criteria.^\[[@R14]\]^

At the time of inclusion, demographic and clinical data were collected and recorded following a standard protocol of questionnaires, completed after a clinical interview with closed questions and a review of medical records. Some items on the questionnaires were common to all diseases (including those regarding demographic data, traditional cardiovascular risk factors, and cardiovascular events), whereas other items were specific for each IMID. In addition, informed consent was obtained from all participants, and a blood sample was withdrawn for genomic, proteomic, and metabolomic studies.

Protocols and questionnaires were reviewed and approved by the local institutional review boards. This study was conducted in accordance with the Declaration of Helsinki.

2.2. Variables
--------------

The dependent variable in our analysis was the presence of CVD, which was defined as a previous diagnosis (given by any physician), of at least one of the following: angina, myocardial infarction, peripheral vascular disease, and/or stroke. To be classified as a case, all cardiovascular events had to have occurred after the diagnosis of the IMID, except for psoriasis, in which we considered as cases those diagnosed with CVD after disease onset. Subjects diagnosed with CVD before the diagnosis of the IMID were excluded from the analysis.

The presence or absence of traditional cardiovascular risk factors (arterial hypertension, type 2 diabetes, obesity, dyslipidemia, and history of smoking) was assessed in all the cohorts (except for the presence of arterial hypertension in psoriatic arthritis patients; due to an informatics error, that information was lost when recorded in our Web-based questionnaires). Other variables common to all cohorts were sex; age at inclusion in the study; elapsed time from IMID diagnosis (disease onset in the case of psoriasis) to inclusion in the study (in years); number of disease-modifying drugs used (categorized in tertiles), such as methotrexate, antimalarials, leflunomide, sulfasalazine, cyclophosphamide, cyclosporine, and acitretin; and use of biological therapy (such as anti-Tumor Necrosis Factors, rituximab, abatacept, efalizumab, and ustekinumab).

In each IMID cohort, several disease-related variables were also analyzed: in the rheumatoid arthritis patients, the presence of rheumatoid factor, the presence and levels of anti-citrullinated peptide antibodies, and previous diagnoses of extra-articular manifestations (such as subcutaneous nodules, pulmonary fibrosis \[defined as any interstitial lung disease diagnosed between the diagnosis of the rheumatoid arthritis and the inclusion in the study\], and serositis) were included in the study. In the psoriatic arthritis cohort, the presence of axial/peripheral involvement and the severity of the skin disease were included (using the Psoriasis Area Severity Index). The latter was also analyzed in the psoriasis patients, as was the presence of associated arthritis. In systemic lupus erythematosus patients, the presence of vitiligo, family history of other IMIDs, and different disease-related variables, such as the presence of severe central nervous system manifestations, serositis, arthritis, antiphospholipids syndrome, or antiphospholipids antibodies, were included. In the Crohn disease and ulcerative colitis cohorts, the presence of extraintestinal manifestations was also assessed.

2.3. Statistical analysis
-------------------------

Continuous variables were described using the median and interquartile range. Categorical variables were described using proportions.

Comparison of continuous and categorical demographic and CVD-related variables among IMIDs was performed using analysis of variance or χ^2^ test, respectively. Post-hoc comparisons were adjusted using the Bonferroni correction.

First, we analyzed separately in each IMID cohort the association between the demographic and clinical-related variables and CVD using bivariate and multivariate logistic regression models. Model selection was performed using the Bayesian information criterion.^\[[@R15]\]^ Multicollinearity was assessed by calculating the variance inflation factors (VIFs) of the dependent variables included in the final multivariate regression models.

Second, to assess the association between common demographic and clinical-related variables and CVD in the overall IMIDC, we performed bivariate and multivariate mixed-effects logistic regression models nested by IMID, due to the structure of our sample, integrated by independent cohorts of patients affected by different conditions.

Finally, to compare the prevalence of CVD among the different IMIDs, we performed logistic regression models adjusted for disease, demographic, traditional cardiovascular risk factors, and common disease-related variables. From those models, the standardized prevalence of each IMID was calculated using marginal analysis. Analyses were performed using STATA 12 statistical software (STATA Corp, College Station, TX).

3. Results
==========

We included 9951 patients in the analysis. The demographic characteristics and the prevalence of CVD and traditional cardiovascular risk factors are shown in Table [1](#T1){ref-type="table"}. Patients with Crohn disease were the youngest (median age 47), whereas patients with rheumatoid arthritis were the oldest (median age 61). Similarly, Crohn disease had the highest prevalence of secondary or higher education (55.5%) and rheumatoid arthritis had the lowest (33.7%). Systemic lupus erythematosus and rheumatoid arthritis involved the highest proportion of women (93.2% and 77.7%, respectively). The psoriasis and psoriatic arthritis cohorts had the highest prevalence of type 2 diabetes (8.1% and 8.0%, respectively) and obesity (25.8% and 24.6%, respectively). The rheumatoid arthritis and systemic lupus erythematosus cohorts had the highest prevalence of arterial hypertension (29.7% and 23.4%, respectively). Rheumatoid arthritis, systemic lupus erythematosus, and psoriasis had the highest prevalence of dyslipidemia (20.1%, 16.5%, and 17.5%, respectively). Crohn disease, psoriasis, ulcerous colitis, and systemic lupus erythematosus had the highest prevalence of current/past smoking (74.6%, 69.7%, 62.1%, and 62.0%, respectively). Finally, rheumatoid arthritis patients were treated with the highest number of disease-modifying drugs (median number 2) and biological therapy (42.5%). The unadjusted prevalence of CVD for rheumatoid arthritis, psoriatic arthritis, psoriasis, systemic lupus erythematosus, Crohn disease, and ulcerative colitis were 4.2%, 2.1%, 3.8%, 3.2%, 0.7%, and 1.5%, respectively.

###### 

Demographic characteristics and prevalence of cardiovascular disease and traditional cardiovascular risk factors of the patients included in this study.
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Table [2](#T2){ref-type="table"} shows the results from the comparisons among IMIDs regarding demographic and CVD-related variables. The disease-specific clinical data from each IMID are shown in S1 Table.

###### 

Comparison of demographic and cardiovascular disease--related variables among the immune-mediated inflammatory diseases included in this study.
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3.1. Influence of demographic and clinical variables in CVD in each IMID
------------------------------------------------------------------------

Bivariate (S2 to S6 Tables) and multivariate (Table [3](#T3){ref-type="table"}) logistic regression models were used to analyze the association between demographic, traditional cardiovascular risk factors, and disease-specific clinical variables and CVD in each IMID.
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Multivariate logistic regression models to analyze the association between demographic and clinical characteristics and cardiovascular disease in rheumatoid arthritis, psoriatic arthritis, psoriasis patients, systemic lupus erythematosus, Crohn disease, and ulcerative colitis patients.
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In the best fitting multivariate models, older age at inclusion in the study was associated with a higher risk of CVD in all cohorts except for psoriatic arthritis and rheumatoid arthritis. Women were associated with a lower risk in all conditions except for Crohn disease. In addition, a longer elapsed time from IMID diagnosis to inclusion in the study was associated with a higher cardiovascular risk except for inflammatory bowel disease. Regarding traditional risk factors, dyslipidemia was associated with a higher risk of CVD in psoriatic arthritis, psoriasis, and ulcerative colitis; arterial hypertension in inflammatory bowel disease, rheumatoid arthritis, and psoriasis; type 2 diabetes in psoriatic arthritis and psoriasis; and current/past smoking in rheumatoid arthritis. With regard to the disease-specific variables, in psoriatic arthritis, axial involvement was associated with lower cardiovascular risk; in rheumatoid arthritis, the presence of pulmonary fibrosis, pericarditis, and high anticitrullinated peptide antibodies levels were associated with higher risk; in systemic lupus erythematosus, family history of autoimmune thyroiditis and the presence of antiphospholipid syndrome, anti-Sm antibodies, serositis, vitiligo, and seizures were associated with higher risk; and in psoriasis, the presence of arthritis was also associated with higher risk of CVD. With regard to treatment, neither the use of a greater number of disease-modifying drugs nor the use of biological therapies was associated with CVD in any cohort. No significant multicollinearity was observed among the variables introduced in the final models (mean VIFs 1.15, 1.07, 1.17, 1.04, 1.12, and 1.10, for rheumatoid arthritis, psoriatic arthritis, psoriasis, systemic lupus erythematosus, Crohn disease, and ulcerative colitis, respectively).

3.2. Influence of the demographic and clinical-related variables in CVD risk on the overall IMIDC, and standardized prevalence of CVD
-------------------------------------------------------------------------------------------------------------------------------------

Next, we studied the cardiovascular risk of the variables collected in all the cohorts in the entire IMIDC (S7 Table). We observed that male sex, older age at inclusion in the study, longer elapsed time from IMID diagnosis to the inclusion in the study, and the presence of traditional cardiovascular risk factors were independently associated with a higher risk of CVD. Although in the bivariate analysis, higher education and current/past smoking were significantly associated with lower and higher risk of CVD, respectively, in the multivariate analysis, no significant association was observed.

Finally, we compared the risk of CVD among the different IMIDs, adjusting for the demographic and common clinical variables (Table [4](#T4){ref-type="table"}). We observed that before adjustment and using rheumatoid arthritis as the reference IMID for comparison, psoriasis and systemic lupus erythematosus had a lower, although not significantly lower risk of CVD, whereas inflammatory bowel disease and psoriatic arthritis had a significantly lower risk. After adjustment for demographic variables, psoriasis continued to have a lower although not significant risk of CVD, whereas systemic lupus erythematosus exhibited a significantly higher risk of CVD. Inflammatory bowel disease and psoriatic arthritis both had a significantly lower risk. Similar results were observed after adjusting for demographic variables, traditional cardiovascular risk factors, and educational level, except for Crohn disease, which showed a nonsignificantly lower risk of CVD. When systemic lupus erythematosus was used as the reference comparison, all IMIDs showed a significantly lower CVD risk. The standardized prevalence and 95% confidence interval (95% CI) for systemic lupus erythematosus, rheumatoid arthritis, psoriasis, Crohn disease, psoriatic arthritis, and ulcerative colitis were 4.5 (95% CI: 2.2, 6.8), 1.3 (95% CI: 0.8, 1.8), 0.9 (95% CI: 0.5, 1.2), 0.8 (95% CI: 0.2, 1.3), 0.6 (95% CI: 0.2, 1.0), and 0.5 (95% CI: 0.1, 0.8), respectively (Fig. [1](#F1){ref-type="fig"}).

###### 

Bivariate and multivariate logistic regression models to compare the risk of cardiovascular disease among the different immune-mediated inflammatory diseases.
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![Adjusted prevalence of cardiovascular disease, with 95% confidence intervals, for each immune-mediated inflammatory disease. CD = Crohn disease, CI = confidence interval, Ps = psoriasis, PsA = psoriatic arthritis, RA = rheumatoid arthritis, SLE = systemic lupus erythematosus, UC = ulcerous colitis.](medi-96-e7308-g005){#F1}

4. Discussion
=============

In this study, we have analyzed, in 6 different IMIDs including almost 10,000 patients, the association of several demographic and clinical-related variables in the CVD risk. To our knowledge, this is the first time such an analysis has been conducted in patients affected by rheumatoid arthritis, psoriasis, psoriatic arthritis, systemic lupus erythematosus, ulcerative colitis, or Crohn disease, recruited in the same time frame, with similar follow-up times, using the same inclusion/exclusion criteria, with data collected using the same protocols and questionnaires. This particular setting allowed us to compare the CVD risk among different conditions and to perform a pooled analysis to identify common risk factors.

4.1. Risk factors of CVD in IMIDs
---------------------------------

The analysis of CVD risk factors in different IMIDs was conducted in several previous studies (S Discussion and References). With regard to rheumatoid arthritis,^\[[@R16]--[@R19]\]^ psoriatic arthritis,^\[[@R20]--[@R22]\]^ psoriasis,^\[[@R20],[@R23]\]^ systemic lupus erythematosus,^\[[@R24]--[@R26]\]^ and inflammatory bowel disease^\[[@R27],[@R28]\]^ similar findings were observed in our cohort. However, some differences have also been observed: in psoriasis and psoriatic arthritis, the severity of the skin disease was previously associated with CVD,^\[[@R21],[@R23]\]^ but no significant association was observed in our cohorts. Different definitions of severity were used, which may explain the different findings. In addition, in our psoriasis cohort, no association between younger age at disease onset and CVD was observed.^\[[@R23]\]^

In systemic lupus erythematosus, we described for the first time 2 new independent associations of CVD with vitiligo (which in turn has been associated with a lower prevalence of abdominal obesity and dyslipidemia)^\[[@R29]\]^ and with a family history of autoimmune thyroiditis (which in turn has been associated with a higher risk of stroke).^\[[@R30]\]^ In addition, comparing with a Spanish systemic lupus erythematosus registry,^\[[@R31]\]^ we observed a lower prevalence of CVD and a lack of influence of traditional cardiovascular risk factors. However, surrogate markers of disease severity were independent risk factors in both studies. The fact that our patients came from systemic lupus erythematosus specialized units with a tighter management of both disease and CVD risk factors might explain these differences.

Finally, regarding inflammatory bowel disease, shorter disease duration was previously described as a risk factor for CVD in Crohn disease patients.^\[[@R32]\]^ However, in our cohort, this influence was not observed.

4.2. Comparison of CVD risk among IMIDs
---------------------------------------

Several studies have compared the risk of CVD among different IMIDs, although none of them included the 6 we analyzed. Zöller et al^\[[@R30]\]^ studied the risk of ischemic and hemorrhagic stroke in 32 different IMIDs (including psoriasis, rheumatoid arthritis, ulcerative colitis, Crohn disease, and systemic lupus erythematosus) using data from the entire Swedish population. An overall higher risk was observed for these 5 conditions compared with the general population, and although no direct comparisons were performed, systemic lupus erythematosus exhibited a higher standardized incidence rate, followed by rheumatoid arthritis and Crohn disease or psoriasis. Ulcerative colitis patients had the lowest risk for both ischemic and hemorrhagic stroke. In our study, although our dependent variable included all cardiovascular events, similar results were observed.

Regarding psoriasis and psoriatic arthritis, the latter was associated with a higher cardiovascular risk, regardless of whether the psoriatic arthritis patients were selected among those with psoriasis^\[[@R20]\]^ or the psoriatic arthritis and psoriasis patients were selected separately in population-based studies.^\[[@R23]\]^ When considering only our psoriasis cohort, similar results were observed: the presence of arthritis was independently associated with a higher risk of CVD. However, when we compared the psoriasis and the psoriatic arthritis cohorts, we observed the opposite result: a lower risk of CVD, albeit not significant, among the psoriatic arthritis cohort. To address this discrepancy, we compared the subjects from the psoriasis cohort with psoriatic arthritis, without psoriatic arthritis, and the patients from the psoriatic arthritis cohort (S8 and S9 Tables). In general, patients from the psoriasis cohort had a higher prevalence of traditional cardiovascular risk factors and higher skin disease severity, which could explain their higher prevalence of CVD. Taking into account that the patients from the psoriasis cohort were recruited from tertiary care outpatient clinics, it is likely that we selected patients with a more severe disease.

Few studies compared the risk of CVD between rheumatoid arthritis and psoriatic arthritis, observing a lower, although not significant, cardiovascular risk among the latter, regardless of whether the patients from both conditions were enrolled from different^\[[@R22]\]^ or similar^\[[@R33]\]^ settings. In our study, psoriatic arthritis patients had a significantly lower cardiovascular risk before and after adjusting for demographic and traditional risk factors. This observation may be related to the characteristics of the psoriatic arthritis cohort. A recent population-based study performed by Ogdie et al^\[[@R34]\]^ showed that rheumatoid arthritis and psoriasis had similar standardized CVD hazard ratios, which were higher than that of psoriatic arthritis (although no direct comparison was performed).

Rheumatoid arthritis has also been compared with systemic lupus erythematosus. The latter was associated with a higher rate (compared with the general population) of first-time acute myocardial infarction than rheumatoid arthritis (although no direct comparison was performed).^\[[@R35]\]^ In our sample, although rheumatoid arthritis showed a higher CVD prevalence in the bivariate analysis, after adjusting for age and sex, systemic lupus erythematosus showed a higher risk of CVD.

Regarding inflammatory bowel disease, similar normalized rates of ischemic heart disease and higher normalized rates of stroke were described in Crohn disease compared with ulcerative colitis, although no direct comparisons were performed.^\[[@R27]\]^ In our sample, considering all CVDs, no significant differences were observed, although Crohn disease was associated with a higher standardized prevalence of CVD.

4.3. Limitations
----------------

There are several limitations to our study. First, because the study is cross-sectional, the directionality of the associations could not be determined. In addition, the presence of CVD, traditional cardiovascular risk factors, and disease-related variables was based either on the previous existence of a diagnosis of such conditions or manifestations, or on the indication by the patient of their existence during the clinical interview. We did not perform any complementary tests; therefore, the prevalence may be underestimated, especially for arterial hypertension, dyslipidemia, and type 2 diabetes.

Patients were recruited from rheumatology (rheumatoid arthritis, systemic lupus erythematosus, and psoriatic arthritis), dermatology (psoriasis), and gastroenterology (ulcerative colitis and Crohn disease) tertiary care outpatient clinics. Therefore, for some IMIDs, especially psoriasis, the generalization of our results to the whole population must be undertaken with caution because it is likely that only patients with a more severe disease were included. Moreover, patients were consecutively recruited, favoring the inclusion of subjects with a more severe disease, who tend to seek care more frequently. Because patients were recruited from practices throughout the country, these cohorts may be representative of the subpopulation of patients affected with severe disease in Spain.

No replication cohorts were included in this study, and therefore the newly described risk factors (such as vitiligo or a familiar history of autoimmune thyroiditis) need to be assessed in other cohorts.

This analysis was also limited by the inclusion of living patients, that is to say, subjects who survived long enough to be included in this study. Therefore, our sample may be biased toward patients with milder CVD and IMID. Moreover, the variables identified as associated with CVD may be predictors of survival following a CVD event rather than its occurrence. These conditions are important to consider when generalizing our results.

No direct disease activity measure, either at diagnosis or encompassing the whole disease duration, was available. However, treatment with disease-modifying drugs and biological therapy was used as a surrogate marker. Unfortunately, we lacked data regarding corticosteroid use throughout the disease.

Finally, there has been a delay between the inclusion of patients in this study and the presentation of the data used in this article. It is important to consider that due to the large amount of patients and centers that participated, it is expected logistic difficulties in the collection, ensemble, and quality control of the data that defer its use and dissemination.

5. Conclusions
==============

We reported a direct comparison of CVD and cardiovascular risk factors prevalence among 6 IMIDs. We observed that different sets of demographic and clinical-related variables contribute to the risk of CVD in the different conditions studied. Furthermore, we compared the standardized CVD prevalence among those diseases, observing that systemic lupus erythematosus exhibited the highest prevalence, followed by rheumatoid arthritis and psoriasis. Our evidence provides a compelling argument to prioritize the institution of specific prevention programs in subjects affected with systemic lupus erythematosus, rheumatoid arthritis, and psoriasis to reduce the burden of CVD associated with these conditions.
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